
CROSS POLARIZATION INTERFERENCE CANCELLER 

AND 

METHOD OF CANCELING CROSS POLARIZATION INTERFERENCE 



0 



BACKOROUND OP THE INVENTION 
FIELD OF THE INVENTION 

The invention relates to cross polarization transmission in. which 
signals are transmitted through two polarisations v^jetfc^lto each other, and more 
particxilarly to a cross polarization interference canceller for canceling cross 
polarization interference in those two polarizations. 

DESCRIPTION OF THE RELATED ART 

A digital microwave communication equipment is generally designed to 
operate in two-polarizations transmission in which two polarizations, that is, 
vertical polarization and horizontal polarization having polarization planes 
veipfeicaleach other, are used in order to enhance an efEciency at which frequencies 
are utihzed. In the two -polarizations transmission, since vertical ajad horizontal 
polarizations use a common frequency, if the two polarization planes in an 
antenna or a space are not ve^latJal^to each other, signals leak into horizontal 
polarization from vertical polarization and vice versa. 

Such signal leakage is called cross polarization interference, which 
exerts a harmful influence on transmission quality of signals. In particular, 
when the above-mentioned two -polarizations transmission and multi-value 
modulation and demodulation such as QAM are both used, they are significantly 
harmfully influenced by the cross polarization interference. Consequently, a 
cross polarization interference canceller (XPIC) is generally used for removing 
interference. 

For instance, Japanese Unexamined Patent Publication No, 2000- 
165339 has suggested an example of a cross polarization interference canceller. 
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In a cross polarization interference ceuiceller, polarization or polarized 
wave which is to be compensated for by cancehng the cross polarization 
intrffSr^ce is definGd as self-polarization or self-polarized wave» and a wave 
wertical/to the self-polarized wave is defined as other-polarization or other- 
potSCrized wave. In order to cancel the cross poleuization interference canned by 
the other-polarization, at a receiver, a relation in phase between a cross 
polarization interference cancel reference signal transmitted from the other- 
polarization and the self-polarization signal has to be identical with a relation in 
phase between the self- and other-polarizations at RF stage where the other- 
polarization interferes with the self-polaxization. 

In order to determine a local oscillation frequency of both the self- and 
other-polarizations to satisfy the above-mentioned requirement, either signal 
transmission local synchronization or signal receipt local synchrouization may be 
selected. 

The receipt local synchronization is often used when semi- 
synchronization is used for reproducing a carrier signal in a demodxdator, because 
the semi-synchronization having a hardware structure is suitable to reproduction 
of a carrier signal. The receipt local synchronization is discloseS, for instance, in 
Japanese Unexamined Patent Publication No. 63-222534. 

The receipt local synchronization is grouped into a common local system 
in which a receiver for the vertical polarization and a receiver for the horizontal 
polarization have a single local oscLQator, and a common reference system in 
which each of a receiver for the vertical polarization and a receiver for the 
horizontal polarization has a local oscillator separately from each other, and 
commonly use a reference signal of the local oscillator. 

The common local system has an advantage that a circuit structure 
thereof can be simplified, but is accompanied with a problem that signals 
associated with the vertical and horizontal polarizations are concurrently 
interrupted when a failure occurs in the local oscillator. Though the common 



reference system is complicated with respect to a circxiit structure thereof^ a 
failure in the local oscillator would exert a harmful irLfluence only to one of the 
signals associated with the vertical and horizontal polarizations. 

Thus, when a high efficiency at which radio- waves are utilized is 
re<iuired, and only one of the vertical and horizontal polarizations can be used as a 
backup hne in radio-frequency, the reference synchronization is often ^elected for 
ensuring high redundancy. 

FIG. 1 is a block diagram of a conventional demodulation system Ln 
accordance with the common reference synchronization which is one of the receipt 
local synchronization. 

The illustrated demodulation system is comprised of first and second 
antennas 14 and 14a. first and second polarization receivers 15 and 16a, first and 
second local oscillators 16 and 16a, a common reference oscillator 17, and first and 
second demodulators 18 and 18a. 

Each of the first and second demodulators 18 and 18a is comprised of a 
primary carrier oscillator 21, first and second multipliers 22 and 22a, first and 
second low pass filters 23 and 23a, first and second analog-digital converts 24 and 
24a, a demodulator unit 35, an adder 28, a judgment circuit 29, and a cross 
polarization interference canceller 36, 

In operation, data signals associated with vertical and horizontal 
polarizations are input into first and second modulators 11 and 11a through first 
and second terminals 1 and la, respectively. The modulated IF signals are 
frequency-converted into RF signals in first and second transmitter^ 12 and 12a, 
and then, radiated through first and second antennas 13 and 13a. 

A first signal 100 having been transmitted through the first transmitter 
12 associated with the vertical polarization, and an interference signal 101a 
having been transmitted through the second transmitter 12a associated with the 
horizontal polarization and having leaked into the vertical polarization are 
merged to each other, and are received in the first antenna 14 as a vertical 



polarization signal. The vertical polarization signal is fire quency -converted, into a 
vertical polarization IF signal 102 in the first receiver 15 which receives a local 
signal transmitted fi:om the first local oscillator 16 which is in synchronization 
with the common reference oscillator 17- 

Similarly to the above-mentioned case, a second signal 100a having 
been transmitted through the second transmitter 12a associated with the 
horizontal polarization, and an interference signal 101 having been transmitted 
through the first transmitter 12 associated with the vertical polarization and 
having leaked into the horizontal polarization are merged to each other, and are 
received in the second antenna 14a as a horizontal polarization signal. The 
horizontal polarization signal is fi^equency-converted into a horizontal 
polarization IF signal 102a in the second receiver 16a which receives a local signal 
transmitted from the second local oscillator 16a which is in synchronization with 
the common reference oscillator 17. 

In demodulation of the vertical polarization, the first demodulator 18 
demodulates the vertical polarization IF signal 102. cancels the cross polarization 
interference from the vertical polarization IF signal 102, using the horizontal 
polarization IF signal 102a as a cross polarization interference cancel reference 
signal, and outputs the thvis demodulated data signal from which the interference 
was removed, through a first terminal 2. 

Similarly, in demodulation of the horizontal polarization, the second 
demodulator 18a demodulates the horizontal polarization IF signal 102a, cancels 
the cross polarization interference from the horizontal polarization IF signal 102a, 
using the vertical polarization IF signal 102 as a cross polarization interference 
cancel reference signal, and outputs the thus demodulated data signal firom which 
the interference was removed, through a second terminal 2a. 

FIG. 2 is a block diagram of the first demodulator 18. Since the second 
demodulator 18a has the same structure as the structure of the first demodulator 
18, only the structure of the first demodulator 18 is explained hereinbelow with 



reference to FIG. 2, 

As illustrated in FIG. 2. the demodulator 35 is comprised of a numerical 
controlled oscillator (NCO) 25, a first endless phase shifter (EPS) 26, and a carrier 
synchronization controller 27, and the cross polarization interference canceller 36 
is comprised of a second endless phase shifter (EPS) 26a, a transversal filter 30, 
and a tap coefficient control circuit 31. 

An IF signal associated with the self-polarization and input through a 
first terminal 3 is frequency-converted in the first multipKer 22 by virtue of a 
primary carrier signal 111 transmitted firom the primary carrier oscillator 21. 
Then, high frequency parts are removed from the IF signal in the first low-pass 
filter 23, and thereafter, converted into a digital signal by being quantized in the 
first analog-digital converter 24. ^ 

The digital signal and a secondary carrier signal 112 transmitted fixim 
the nvunerical controlled oscillator 25 are both input into the first endless phase 
shifter 26 for frequency conversion to thereby demodulate a base band signal. 

The carrier synchronization controller 27 produces a phase control 
signal, based on an error signal transmitted from the judgment circuit 29, and 
controls a frequency of the secondary carrier signal 112 transmitted firom the 
numerical controlled oscillator 25. 

An IF signal aeebciated with the other-polarization and input through a 
second terminal 4 is frequency-converted in the second multiplier 22a by virtue of 
the primary carrier signal 111 transmitted from the primary carrier osciQator 21. 
Then, high frequency parts are removed from the IF signal in the second low-pass 
filter 23a, and thereafter, converted into a digital signal by being quantized in the 
second analog-digital converter 24a. 

The digital signal and the secondary carrier signal 112 are both input 
into the &;st endless phase shifter^^^Sp for frequency conversion to thereby be 
changed'^ a cross polarization interference cancel (XFIC) reference signal. 

The cross polarization intenference cancel (XPIC) reference signal, and 
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a tap ooef&cient produced in the tap coe£G.<5ient control circuit 31 for cross 
polarization interference canceling are both Laput into the transversal filter 30, in 
which there is produced a copy signal which reflects interference caxised by the 
other-polarization in a space. The copy signal is removed firom the base band 
signal in the adder 28. Thus, cross polarization interference is removed. 

As mentioned above, it is necessary to produce the copy signal which 
reflects the cross polarization mterference caused in a space, by means of the 
cross polarization interference canceller, in order to cancel the cross polarization 
interference- To this end^ a relation in phase between the self-polarization signal 
100 and the other-polarization signal^J^l^^ RF stage where cross polarization 
interference occurs has to be identical with a relation in phase between a self- 
polarization base band signalJj&^^aT a base band stage where the interference is 
removed, and a base bajid cross polarization interference cancel reference signal 

In order to satisfy the above-mentioned requirement, the first and 
second demodulators 18 and 18a commonly use the primary carrier signal 111, the 
secondary carrier signal 112, and the reference signal transmitted to the first and 
eecond local oscillators 16 and 16a for frequency synchronization in the 
conventional demodulation system illustrated in FIG. 1. The relation in phase 
between the first and second demodulators 18 and 18a is compensated for the first 
and second cross polarization interference cancellers 36 and 36a. 

The cross polarization interference canceling operation in the 
conventional receipt local synchronization is explained hereinbelow through 
equations. 

Signals are defined as follows. 

(A) A base band signal V(t) of the vertical polarization is defined as 



follows. 



V(t) = Vp(t)+jVQ(t) 

Vp(t) indicates P -channel parts, and VQ{t) indicates Q-channel parts. 
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(B) A base band signal H(t) of the horizontal polarization is defined ae 



follows. 



H(t) = Hp(t) + jHQ(t) 

Hp(t) indicates P-channel parts, and U^it) indicates Q-channel parts. 

(C) A carrier signed of the vertical polarization is defined as cos (w^ x 
t + ^vt) wherein "^Wvr " indicates a frequency of a carrier signal of the vertical 
polarization and " ^ vr " indicates a phase of a carrier signal of the vertical 
polarization. 

(D) A carrier signal of the hori:2ont8d polarization is defined as cos i(0^ 
X t H- 5 ht) wherein " (O^r " indicates a frequency of a ceirrier signal of the 
horizontal polarization and " ^ ht " indicates a phase of a carrier signal of the 
horizontal polarization. 

Under these definitions, RF signals of the vertical and horizontal 
polarizations (t) and H^x W can be expressed as follows. 

Vtx (t) = Vt,{t) X co8(ct>vT X t-h 0^) - VQ(t) X sin(a>vT x t + /9 
vt) = real [V(t) x exp 0' (^^^vr X t+ ^vr))] 

HTx(t) = real [H(t) x exp (j (w^r x t + (9 bt))] 

If it is assumed that the RF signal of the horizontal polarization is 
merged with the RF signal of the vertical polarization through a coefi&cient a V, 
and the RF signal of the vertical polarization is merged with the RF signal of the 
horizontal polarization through a coefficient a H, the RF signals V^xCt) and HrxW 
of the vertical and horizontal polarizations can be expressed as follows. 

VRx(t) = real [V(t) x exp (j (a>vT x t+ ^vt))1+ aVxH(t) x exp (j ((y 

HT X t + ^ Ht))] 

HfixCt) = real [H(t) x exp (j (oJht x t+ <9 ht))] + aHxV(t) x exp (j 
(a>vT X t+ <9vt))1 

Each of the above-mentioned RF signals is frequency-converted in the 
first and second receivers 15 and 15a in accordance with the following local 
signals (a) and (b): 
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(a) Local signal of the vertical polarization: cos (A)r x t + ^vr) 
wherein " w ^ indicates a frequency of the received local signal, and " 6 vii" 
indicates a phase of the received local signal of the vertical polarization; and 

(b) Local signal of the horizontal polarization: cos io)^ x t + ^ he) 
wherein " 6 hr" indicates a phase of the received local signal of the horizontal 
polarization. 

Since the local signals are both synchronized commonly with the 
reference signal, the local signals have the same frequency as each other, and a 
phase independent of each other. 

Herein, it is assumed that the vertical polarization defines self- 
polarization, which is developed hereinbelow. A received IF signal Vip(t) having 
passed through a receiver of the self-polarization and a cross polarization 
interference cancel reference signal Vj^Ct) having passed a receiver of the other- 
polarized can he expressed as follows. 

ViF(t) = = real [V(t) x exp (j {{w^t— <o^x t + (^vr" ^vk)))] + orVx 
H(t) X exp 0 {(^^>HT— ^t>R)^ t + {^HT- ^ve)))] 

Vcc(t) = = real [H(t) x exp G* ((^^ht- <Wr) x t + ( ^ ht" ^ hr)))1 + <x^^ 
V(t) X exp (j ((a)vr- t + ( ^ vt" ^ hh)))] 

Since the fixst demodiilator 18 matches an oscillation frequency of its 
internal oscillator to a frequency and a phase of the received IF signal, a 
frequency of the received IF signal is equal to an oscillation frequency of the first 
demodulator 18, as follows. 

( 6 0 vk) — iO D1+ 6 D2) 

In these equations, " w ' indicates a frequency of the received primary 
carrier signal, " Wj^z" indicates a frequency of the received secondary carrier signal, 
" 6 £n" indicates a phase of the received primary carrier signal, and " 0 indicates 
a phase of the received secondary carrier signal. 

A received base band signal VBB(t) resulting from demodulation of the 



8 



received IF eigival ie expressed as foUows. 

VbbCO = real [V(t) x exp (j (((O^t— <0r- (Oi^i- 0}^,^^ ^ t -i- ( ^ vr" ^ vr" 
^Dii))) + aVxH(t) X exp (j {(cWht- ^Wr— ^xn— ^Du)^ t + ( <9 ht" ^ vh" ^ di 

-^D2)))] 

= V(t) ^ real [aVxH(t) x exp (j ((a;HT— C(>vt) t + ( ^ ffr" vr)))] 
A base band Cross polarization interference cancel (XPIC) reference 
signal VBx(t) which is to be input into the transversal filter 30 is expressed as 
follows. 

VBx(t) = real [H(t) x exp (j ((a*HT~ ^^r" di~- ^^ds) t + {^HT~^HR~ 
^di-'9d2)))+ aHXV(t) X exp (j ((OJVT— «Jh— ^^Di— <Wd2)^ t + ( ^ vt~ ^ hr— ^ di 

= real[H(t) X exp (j (( ^ vr) ^ t + ( ^ ht" ^ hr— ^ vt+ ^ vh))) + 
aHxV(t) X exp (j ((?vR- ^H»))] 

Since the cross polarisation interference canceller 36 produces a copy 
signal reflecting the cross polarization interference existing in the received base 
band signal, based on the cross polarization interference cancel reference signal, 
the copy signal Vxpic(t) produced by the cross polarization interference canceller 
36 and a response signal made by the cross poleirization interference canceller 36 
are expressed as follows, if the cross polarisation interference canceller 36 ideally 
operates. 

VxPicCt) = real [-aVxH(t) x exp (j ((oJht- <Wvt) x t ( 6* ht" ^ vr)))] 
— aVx aHx V(t) 

The response signal = — a Vx exp Q {6 hr~ ^ ve)) 

The received base band signal and the cross polarization interference 
cancel reference signal are added to each other in the adder 28, resulting in that 
the cross polarization interference is removed from the base band signal ^o(t), 
which is expressed sb follows. 

Vo(t) = V(t)- a VX a H X V(t) 

The second component a V x a H x V(t)" in the basG band signal VQ(t) 



constitutes an interference part between si^ns. However, since a V and a H are 
generally much smaller than 1, the second component can be disregarded. If a 
V and aH cannot be disregarded, the interference part could be removed by 
additionally using an equalizer. 

A local oscillator generally used at RP stage includes much phase noises, 
and hence, time fluctuation is generated in a phase-relating component, if a 
frequency-relating component is kept fixed. In the receipt reference 
synchronization, since the vertical and horizontal polarizations use local 
oscillators separately from each other, oscillation frequencies of the local 
oscillators can be made equal to each other by means of a common reference 
oscillator. However, since phase noises are generated in the local osciUatore 
independently of each other, time fluctuation remains also in local phase 
difference terms of the vertical and horizontal polarizations. 

In Order for the cross polarization interference canceller 36 to properly 
operate under the above-mentioned circumstances, the cross polarization 
interference canceller 36 is required not only to make a copy of the cross 
polarization interference part a V, but also to follow a local phase difference exp (j 
( ^ HR~ ^ vk)) which varies with the lap&e of time. 

However, since the cross polarization interference canceller 36 includes 
the transversal filter 30, the cross polarization interference canceller 36 can make 
the copy signal reflecting a phase difference which does not vary with the lapse of 
time, but cannot follow a phase difference rapidly varying with the lapse of time, . 
and hence, cannot make the copy signal reflecting such a phase difference. This 
is because the transversal filter 30 cannot follow the dynamic characteristics 
required in the tap coefficient control circuit 27. 

In addition, since the ability to follow a phase difference is degraded as 
a tap coefficient of the transversal filter 30 becomes great, the abiUty is degraded 
as the cross polarization interference becomes great. 

As having been explained, the conventional cross polarization 
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interference canceller of the receipt reference synchronization type is 
accompanied with a problem that the abihty of canceling the cross polarization 
interference is unavoidably degraded, if a phase noise component is increased in 
the local oscillator. 

Japanese Unexamined Patent Publication No. 63-31981 has suggested 
a circuit for canceling cross polarization, including a first sjmchronization detector 
to which an input signal associated with first polajri^ation is input, a second^ 
synchronizatio^^aefeactor to which an input signal associated with second 
polari^ation)wertical zo the first polarization is input, and a reproducer which 
reproduces int^s^efence part. The reproducer is comprised of first means for 
detecting beats of^reference carrier waves of the first and second synchronization 
detectors, second means for multiplying an output transmitted from the first 
means, by an output transmitted from the second synchronization detector to 
thereby produce a first pseudo-interference signal, and third means for 
multiplying a complex conjugate signal in an output signal transmitted from the 
first means, by an output signal transmitted fi:om the first Synchronization 
detector to thereby produce a second pseudo-interference signal. The first 
pseudo -interfere nee signal is used for removing a polarization interference signal 
included in the output signal transmitted from the first synchronization detector, 
and the second pseudo-interference signal is used for removing a polarization 
interference signal , included in the output signal transmitted from the second 
synchronization detector. 

Japanese Unexamined Patent PubUcation No. 3-72732 has suggested a 
cross polarization interference canceller including first means for receiving 
hpFiaental and vertical polarization signals transmitted through polarizations 
vertical Ito each other, second means for detecting a relation between an error 
signal indicative of interference which is caused by the vertical polarization signal 
and which leaked into the horizontal polarization sigrLsd, and an identifix^ation 
signal obtained fi:-om the vertical polarization signal, and transmitting a first 
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interference cancel signal, third means for removing the interference £irom the 
horizontal polarization signal in accordance with the first interference cancel 
signal, fonrth means for detecting a relation between an error signal indicative of 
interference which is caueed by the horizontal polarization signal and which 
leaked into the vertical polarization signal, and an identification signal obtained 
from the horizontal polarization signal, and transmitting a second interference 
cancel signal, fifth means for removing the interference fi:om the vertical 
polarization signal in accordance with the second interference cancel signal, and 
sixth means for eampKng both one of the polarization signals for obtaining the 
error signal and the other of the polarization signals for obtaining the 
identification signal through a common clock signal, and supplying the thus 
sampled signals to the second and fourth means. 

Japanese Patent No» 2669235 (Japanese Unexamined Patent 
Publication No. 5-211493) has suggested a cross polarization interference 
canceller which, on receiving primary:..-»B€U^ecohdary polarization signals 
transmitted through polaxizationKvertical to eapii other in synchronization with 
clock signals, removes a seconda ly pt tfaiizatioii signal part having cross- 
interfered with the primary polarization signal. The cross polarization 
interference canceller includes first means for transmitting a first reproduction 
clock signal, based on a first base band signal obtained by demodxilating the 
primary polarization signal, in synchronization with a clock signal of the primary 
polarization signal, second means for transmitting a second reproduction clock 
signal, based on a second base band signal obtained by demodulating the 
secondary polarization signal, in synchronization with a clock signal of the 
secondary polarization signal, third means for transmitting a third reproduction 
clock signal, based on the fixst base band signal, in synchronization with a clock 
signal of the above-mentioned secondary polarization signal part, fourth means 
for detecting a phase difference between the second and third reproduction clock 
signals, and controlling a phase of the first reproduction clock signal in accordance 
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WT-th the phase difference to thereby transmit a fourth reproduction clock signal, 
fifth means for sampling the first base band eignal by virtue of the first 
reproduction clock signal to thereby produce a first digital signal, sbcth. means for 
sampling the second base band signal by virtue of the fourth reproduction clock 
signal to thereby produce a second digital signal, a transversal filter which 
transmits a cancel signal having the same frequency and ampHtude as those of 
the secondary, polarization signal part, based on the second digital signal, seventh 
means for delaying the first digital signal by a period of time required for the 
transversal filter to produce the cancel signal, and eighth means for subtracting 
the delayed fijst digital signal from the cancel signal to remove the secondary 
polarization signal part. 

However, the above-mentioned problem remains unsolved even in these 
Publications. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problem in the conventional cross 
poleuization interference canceller, it is an object of the present invention to 
provide a cross polarization interference canceller which can prevent degradation 
of the ability of canceUng the cross polarization interference, caused by an 
increase in phase noises in a local oscillator. 

In. order to cancel the cross polarization interference in a cross 
polarization interference canceller (XPIC), a relation in phase between a self- 
polarization signal €md an other-polarization signal at RF stage where the 
interference occurs has to be identical with a relation in phase between a self- 
polarization base band signal and a base band cross polarization interference 
cancel reference signal at a base band stage where the interference is to be 
removed. 

Consequently, the cross polarization interference canceller in 
accordance with the present invention is designed to incl ude a local phase 
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difference de tector which detects a relation in phase 
local oecillatore associated with two polarizations 
endless phase shifter (EPS) which compensates for 
the local phase difference detector. The cross polarization interference canceller 
controls a phase of the cross polarization interference cancel reference signal axid 
cancels phase noises included in the cross polarization interference cancel 
reference signal such that the above-mentioned relations are identical with each 
other. 

Specifically, in one aspect of the present invention, there is provided a 
cross polarization interference canceller includes (a) first and second signal 
receivers which receive signals having he en transmitted through first and second 
^1 with each ot^^^) first and second local oscillators each of 
"of the si^^s into an IF signal, (c) first and second 
each of which demodulates the IF signal for producing a base-band 
signal and a cross polarization interference cancel reference signal, (d) a phase- 
difference detector which detects a phase-difference between local signals 
transmitted from the first and second local oscillators, and transmits a phase- 
difference signal indicative of the thus detected phase -diEEere nee, and (e) first and 
second phase controllers associated with the first and second demodulators, 
respectively, eind each equahzing phases of the base-band signal and the cross 
polarization interference cancel reference signal to each other in accordance with 
the phase -difference signal. 

There is further provided a cross polarization interference canceller 
including (a) first and second signal receivers which ^^i^iv^ signals having been 
transmitted through first and second polarizations ArerticaJj with each other, <h) 
first and second local oscillators each of which converts^Sne of the signals into an 
IF signal, (c) first and second demodulators each of which demodulates the IF 
signal for producing a base -band signal and a cross nolarization interference 
cancel reference signal, (d) a phase-difference detector which detects a phase- 
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difference between local eigncJe transmitted from the first and second local 
oscillators, and transmits a phase-difference signal indicative of the thus detected 
phase-difference, (e) first and second phase controllers associated with the first 
and second demodulators, respectively, and each equalizing phases of the base- 
band signal and the cross polarization interference ccaxcel reference signal to each 
other in accordance with the phase -difference signal, and (f) a reference oedl lator 
electrically connected to both the first and second local oscillators for 
synchronizing the first and second local oscillators with each other. 

It is preferable that the phase-difference detector transmits two phase- 
difference signals in which directions in which phases are deviated are opposite to 
each other, and wherein the first and second phase controllers receive the two 
phase-difference signals transmitted from the phase-difference detector, and 
transmit signals to the first and second demodulators, respectively, in which 
signals phase -shifting directions are opposite to each other. 

For instance, each of the first and second phase controllers may be 
comprised of a veiriable phase-shifter. 

For instance, each of the first and second d emodulators may be 
comprised of (cl) a carrier oscillator which converts frequencies of both IF signals 
transmitted through the first and second polarizations, (c2) first and second 
analog-digital converters which convert the IF signals into first and second digital 
signals for the first and second polarizations, respectively, (c3) a numerical 
controlled oscillator which transmits a carrier si^al, (c4) a first endless phase- 
shifter which receives both the first digital signal and the carrier signal, and 
demodulates the base band signal, (c6) a second endless phase-shifter which 
receives both the second digital signal and the carrier signal, and demodulates the 
cross polarization interference cancel reference signal, (c6) a filter which receives 
the cross polarization interference cancel reference signal, and produces a first 
signal indicative of interference caused by the second polarization, (c7) an adder 
which adds the base band signal and the first signal to each other to thereby 
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remove cross polarization interference, (c8) a judgment circuit which receives an 
output signal transmitted from the adder, and transmits an error signal, (c9) a 
carrier synchronization controller which controls a frequency of the carrier signal 
in accordance with the error signal, and (clO) a tap coefi&cient controller which 
controls a tap coefficient of the filter in accordance with the error signal. 

For instance, each of the first and second phase controllers may be 
comprised of a variable phase-shifter electrically connected to the second endless 
phase-shifter upstream thereof. 

The phase-difference detector may be designed to include (dl) a 
multiplier which mxxltiplies signals transmitted from the first and second local 
oscillators, by each other to thereby transmit a frequency-difference signal, (d2) 
axi analog-digital converter which converts the frequency-difference signal to a 
digital signal. (dS) a numerical controlled oscillator which transmits a local 
phase- difference signal, (d4) a phase comparator compares the local phase - 
difference signal and the frequency-difference signal to each other, and transmits 
a difference signal indicative of a difference between the local phase-difference 
signal and the frequency-difference signal, and (d5) a filter which controls a 
frequency of the local phase-difference signal in accordance with the difiference 
signal. 

In another aspect of the present invention, there is provided a method 
of canceling cross polarization interference, including the steps of (a) r 
signals having been transmitted through first and second polarizations 
with each other, (b) converting the signals having been received in the step (a) into 
IF signals, (c) demodulating the IF signals for producing a base -band signal and a 
cross polarization interference cancel reference signal, (d) detecting a phase- 
difference between the IF signals and transmitting a phase-difference signal 
indicative of the thus detected phase-difference, and (e) equalizing phases of the 
base-band signal and the cross polarization interference cancel reference signal to 
each other in accordance with the phase-difference signal. 
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The method may further include the step of synchronizing the signeJe 
with each other. 

For instance, the step (c) may be designed to include the steps of (cl) 
converting frequencies of both IF signals transmitted through the first and second 
polarizations, (c2) converting the IF signals into first and second digital signals 
for the first and second polarizations, respectively, (c3) demodulating the base 
band signal, based on the first digital signal and the carrier signal, (c4) 
demodulating the Cross polarization interference cancel reference signal, based on 
both the second digital signed and the carrier signal, (c5) producing a first signal 
indicative of interference caused by the second polarization, and {c6) adding the 
base band signal and the first signal to each other to thereby remove cross 
polarization interference. 

For instance, the step (d) may be designed to include the steps of (dl) 
O multiplying signals transmitted from local oscillators, by each other to thereby 

/J transmit a frequency-difference signal. (d2) converting the firequency-difference 

S signal to a digital signal, (d3) comparing the local phase- difference signal and the 

^ frequency-difference signal to each other, and transmitting a difference signal 

indicative of a di^erence between the local phase-difference signal and the 
sC frequency-difference signal, and (d4) controlling a fi*equency of the local phase- 

difference signal in accordance with the difference signal. 

The advantages obtained by the aforementioned present invention will 
^ be described hereinbelow. 

In accordance with the present invention, it is possible to prevent 
M= degradation of cross polEirization interference canceling performance in the 

conventional reference synchronization type cross polarization interference 
canceller which degradation is caused by local phase noises of self- and other- 
polarizations. 

In addition, the cross polarization interference canceller can be 
simplified in structure by operating the reference oscillator in the vertical and 
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horizontal polarizations independently of each other. 

The above and other objects and advantageous features of the present 
invention will be made apparent from the following description made with 
reference to the accompanying drawings, in which like reference characters 
designate the same or similar parts throughout the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional demodulation system in 
accordance with the common reference synchronization which is one of the receipt 
local synchronization. 

FIG. 2 is a block diagram of the demodulator which is a part of the 
demodulation system illustrated in FIG. 1. 

FIG. 3 is a block diagram of the demodulation system in accordance 
with the first embodiment of the present invention. 

FIG. 4 is a block diagram of the demodulator which is a part of the 
demodulation system illustrated in FIG. 3. 

FIG. 5 is a block diagram of the locaJ phase difference detector which is 
a part of the demodidation system illustrated in FIG. 3. 

FIG. 6 is a block diagram of the demodulation system in accordance 
with the second embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments in accordance with the present invention will 
be explained hereinbelow with reference to drawings, 

FIG. 3 is a block diagram of the demodulation system in accordance 
with the first embodiment. 

With reference to FIG. 3, the demodulation system is comprised of first 
and second antennas 14 and 14a, fijrst and second polarization receivers 15 and 
15a, first and second local oscillators 16 and 16a, a common reference oscillator 17, 
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a multiplier 17 A, a local phase difTerence detcctx>r 19. first and second 
demodulators 18 and 18a, and first and second endless phase shifters 20 and 20a. 

Each of the first and second demodulators 18 and 18a is comprised of a 
primary carrier oscillator 21, first and second multipliers 22 and 22a, first and 
second low pass filters 23 and 23a, first and second analog-digital converts 24 and 
24a, a demodulator unit 35, an adder 28, a judgment circuit 29, and a cross 
polarization interference canceller 36. 

In operation, data signals associated with verticcd and horizontal 
polarizations are input into first and second modulators 11 and 11a through first 
and second terminals 1 and la, respectively. The modulated IF signals are 
frequency-converted into RF signals in first and second transmitters 12 and 12a, 
and then, radiated through first and second antennas 13 and 13a. 

A first signal 100 having been transmitted through the first transmitter 
12 associated with the vertical polarization, and an interference signal 101a 
having been transmitted through the second transmitter 12a associated with the 
horizontal polarization and having leaked into the vertical polarisation are 
merged to each other in a space, and are received in the first anteima 14 as a 
vertical polsirization signal. The vertical polarization signal is firequency- 
converted into a vertical polarLzation IF signal 102 in the first receiver 15 which 
receives a local signal transmitted fi:om the first local oscillator 16 which is in 
synchronization with the common reference oscillator 17. 

Similarly to the above-mentioned case, a second signal 100a having 
been transmitted through the second transmitter 12a associated with the 
horizontal polarization, and an interference signal 101 having been transmitted 
through the first traxismitter 12 associated with the vertical polarization and 
having leaked into the horizontal polarization are merged to each other in a space, 
and are received in the second antenna 14a as a horizontal polarization signal. 
The horizontal polarization signal is frequency-converted into a horizontal 
polarization IF signal 102a in the second receiver 15a which receives a local signal 
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transmitted from the second local oscillator 16a which is in synchronization with 
the common reference oscillator 17. 

The local phase difference detector 19 receives local signals from the 
first and second local oscillators 16 and 16a, detects a phase difference between 
the local signals by means of a phase locked loop (PLL) circuit eq^iaipped therein, 
and transmits control signals 103 and 103a to the first and second endless phase 
shifters 20 and 20a. ^^^^^^^^^^ 

In demodulation of the vertical polarization, the first demodulator 18 
demodulates the vertical polarization IF signal 102. The horizontal polarization 
IF signal 102a is input into the first endless phase shifter 20 after having been 
frequency-converted in the second multiplier 22a of the first demodulator 18, and 
then, a phEise of the horizontal polarization IF signal 102a is rotated so as to 
cancel the phase difference having been detected in the local phase difference 
detector 19, The cross polarisation interference is canceled, using an output 
signal transmitted from the first endless phase shifter 20, as a cross polarization 
interference cancel reference signal. Then, the demodxdated data signal from 
which the interference was removed is output through a first output terminal 2. 

In demodulation of the horizontal polarization, the second demodulator 
18a demodulates the horizontal polarization IF signal 102a. The vertical 
polarization IF signal 102 is input into the second endless phase shifter 20a after 
having been frequency-converted in the first multipUer 22 of the second 
demodulator 18a, and then, a phase of the vertical polarization IF signal 102 is 
rotated so as to cancel the phase difference having been detected in the local 
phase difference detector 19, The cross polarization interference is canceled, 
using an output signal transmitted firom the second endless phase shifter 20a, as 
a cross polariziation interference cancel reference signal. Then, the demodulated 
data signal from which the interference was removed is output through a second 
output terminal 2a. 

FIG. 4 is a block diagram of the first demodulator 18. Since the second 
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demodulator 18a has the same structure as the structure of the first demodulator 
18, only the structure of the first demodulator 18 is explained hereinbelow with 
reference to FIG. 4. 

As illustrated in. FIG. 4, the demodulator 35 is comprised of a numerical 
controlled oscillator (NCO) 25, a first endless phase shifter (EPS) 26, eixid a carrier 
synchronization controller 27, and the cross polarization interference canceller 36 
is comprised of a second endless phase shifter (EPS) 26a, a transversal filter 30, 
and a tap coef&cient control circuit 31. 

An IF signal associated with the self-polarization and input through a 
first terminal 3 is frequency-converted in the first multiplier 22 by virtue of a 
primary carrier signal 111 transmitted from the primary carrier oscillator 21. 
Then, high frequency parts are removed from the IF signal in the first low-pass 
filter 23, and thereafter, converted into a digital signal by being quantized in the 
first analog- digital converter 24. 

The digital signal and a secondary carrier signal 112 transmitted from 
the numerical controlled oscillator 25 are both input into the first endless phase 
shifter 26 for frequency conversion to thereby demodxdate a base band signal. 

The carrier synchronization controller 27 produces a phase control 
signal, based on an error signal transmitted from the judgment circuit 29, and 
controls a frequency of the secondary carrier signal 112 transmitted from the 
numerical controlled oscillator 25. 

^y^^ An IF signal associated with the other-polarization and input through a 
second terminal 4 is frequency -converted in the second multiplier 22a by virtue of 
the primary carrier signal 111 transmitted from the primary carrier oscillator 21. 
Then, high frequency parts are removed from the IF signal in the second low-pass 
filter 23a, and thereafter, converted into a digital signal by being quantized in the 
second analog-digital converter 24a. 

The digital signal is input into the first endless phase shifter 20 which 
applies phase rotation to the digital signal in accordance with the control signal 
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103. In the first endless phase shifter 20, a difference between phase noises 
generated hi the first and second local oscillators 16 and 16a independently of 
each other is removed fi:om the digital signal. The digital signal and the 
secondary carrier signal 112 transmitted from the numerical controlled oscillator 
25 are both input into the first endless phase shifter 26 for fircquency conversion 
to thereby be changed to a cross polarization interference cancel (XPIC) reference 
signaL 

The cross polarization interference cancel (XPIC) reference signal, and 
a tap coefG-cient produced in the tap coefficient control circmt 31 for cancellation 
of the cross polarisation interference are both input into the transversal filter 30, 
in which there is produced a copy signal which reflects the interference caused by 
the other-polarization in a space. The copy signal is removed firom the self- 
polarization base band signal in the adder 28. Thus, the cross polarization 
interference is removed- 

FIG. 5 is a block diagram of the local phase difference detector 19. 

As illustrated in FIG, 5^ the local phase difference detector 19 is 
comprised of a multiplier 51, a low -pass filter 52, an analog-digital converter 53, a 
phase comparator 54, a loop filter 55, and a numerical controlled oscillator 56. 

With reference to FIG. 5, the local signals associated with the vertical 
and horizontal polarizations are input into the mtdtiplier 51 through first and 
second input terminals 7 and Va. An output signal transmitted from the 
multiplier 51 is input into the low-pass filter 52 for removing high- fire que ncy parts 
from the output signal. Thus, there is obtained a difference in fi:«quencies. 

The output signal transmitted from the low-pass filter 52 is converted 
into a digital signal in the analog-digital converter 53. The digital signal 
transmitted from the analog-digital converter 53 and a local phase difference 
signal transmitted from the numerical controlled oscillator 56 are input into the 
phase comparator 54. Those signals are compared in the phase comparator 54 
with respect to a phase. An output signal transmitted fi:om the phase 
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comparator 54 is ixiput into the numerical coatrolled oscillator 56 tlirough the loop 
filter 55 for controlling an oscillation frequency of the numerical controlled 
oscillator 56. 

As a result, the local phase difference signal trarLsroitted from the 
numerical controlled oscillator 66 to the phase comparator 54 is synchronized 
with a difference in phase between the local signals of the vertical ajad horizontal 
polarizations. The numerical controlled oscillator 56 transmits the control signal 
103 to the first endless phase shifter 20 through a first output terminal 8 in 
accordance with an oscillation frequency of the local pha^ difference signal 
transmitted firom the numerical controlled oscillator 56. The numerical 
controlled oscillator 56 further transmits the control signal 103a to the second 
endless phase shifter 20a through a second output terminal 8a, The control 
signal 103a has a phase rotating in a direction opposite to a direction in which a 
phase of the control signal 103 rotates. 

Hereinbelow is explained an operation of the cross polarization 
interference canceller 36 in the first embodiment. 

In the explanation, signals are defined as follows. 

(a) A base band signal V(t) of the vertical polarization is defined as 

follows. 

V(t) = Vp(t)+jVQ(t) 

Vp(t) indicates P-channel parts, and VQ(t) indicates Q-channel parts. 

(b) A base band signal H(t) of the horizontal polarization is defined as 

follows. 

H(t) = Hp(t)+jHQ(t) 

Hp(t) indicates P-channel parts, and Hq{t) indicates Q-channel parts, 

(c) A carrier signal of the vertical polarization is defined as cos (a>vT ^ 
t -t- ^ vf) wherein "(1>vt " indicates a frequency of a carrier signal of the vertical 
polarization and " ^ vr " indicates a phase of a carrier signal of the vertical 
polarization. 
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(d) A carrier signal of the horizontal polarization is defined as cos (a>HT 
X t + ^ irr) wherein " w^r indicates a frequency of a carrier signal of the 
horizontal polarization and " ^ ht " indicates a phase of a carrier signal of the 
horizontal polarisation. 

Under these definitions, RF signals V^x (t) and H^-jc (t) of the vertical 
and horizontal polarizations can be expressed as follows. 

VTx(t)=Vp(t) X cos (a>vT X t+ ^vt) ^^(t) X sin ((Wvt x t+ 0 
vt) = real [V(t) X Gx:p G (oJvr x t+ ^ vt))1 

HTx(t) = real [H(t) X exp (j (Wnt x t + I?ht))] 

If it is assumed that the RF signal of the horizontal polarization is 
merged with the RF signal of the vertical polarization through a coeflEicient a V, 
and the RF signal of the vertical polarization is merged with the RF signal of the 
horizontal polarization through a coefficient a H, the RF signals V^xi^) and HHx(t) 
of the vertical and horizontal polarizations can be expressed as follows, 

VHx(t) = real [V(t) x exp (j {o)^ x t + 5 vt))1 + aVxH(t) x exp (j (o) 

HT X t + ^ Ht))] 

HRx(t) = real [H(t) x ©xp (j (co^ x t + ^ ht))] + aHxV(t) x exp 0' 
(a>vT X t+ ^vt))] 

Each of the above-mentioned RF signals is frequency -converted in the 
first and second receivers 15 and l5a in accordance with the following local 
signals (a) and (b): 

(a) Local signal of the vertical polarization: cos (o)^ x t + 6 ve) 
wherein " O) ^ indicates a frequency of the received local signal, and " 0 ^r^' 
indicates a phase of the received local signal of the vertical polarization; and 

(b) Local signal of the horizontal polarization: cos {(o^ x t + ^ he) 
wherein " 0 hr" indicates a phase of the received local signal of the horizontal 
polarization. 

Since the local signals are both sjoichronized commonly with the 
reference signal, the local signals have the same frequency as each other, and a 
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phase independent of each other. 

Herein, it is assumed that the vertical polarization defines self- 
polarization, which is developed hereinbelow. A received IF signal Vip(t) having 
passed through a receiver of the self-pol6iri2;ation and a cross polarization 
interference cancel reference IF signal Vjx(t) having passed a receiver of the 
other-polarized can be expressed as follows, 

ViF(t) = = real [V(t) X exp (j ((fi>\rr- a>R)x t + ( ^ vr" ^ vh)))] «Vx 
H(t) X exp (j ((<i>HT~^R)x t-*'i&^~ Ov^))] 

Vix(t) = ^ real [H(t) x exp (j ((c^ht- ^k) >^ t + ( <9 ^ hr)))] + «Hx 
V(t) X exp (j ((oJvT— ^^h)^ t + (^vt- <9hii)))] 

Since the first demodulator 18 matches an oscillation frequency of its 
internal oscillator to a fire que ncy and a phase of the received IF signal, a 
fireqixency of the received IF signal is equal to an osciQation frequency of the first 
demodulator 18, as follows. 

(^VT — ^ Vr) ~ ( ^ Dl"*" ^ I>2) 

In these equations, "<i>i>j" indicates a frequency of the received primary 
carrier signal, " OJua" indicates a firequency of the received secondary carrier signal, 
0 ui" indicates a phase of the received primary carrier signal, and " d indicates 
a phase of the received secondary carrier signal. 

A received base band signal V33(t) resulting from demodulation of the 
received IF signal is expressed as folio ws< 

VjBB(t) = real iy(t) x exp Ci ((<iJ vt" <i>R~ ^di~ ^dss) ^ t+(^VT~^vft~ 
^Di- ^D2))) + aVxH(t) X exp<j{((yHT-<^R-a?r>i-^D2)x t + (<9 ht" ^ vr- ^ D1 

- e 

= V(t) + real [aVxH(t) x exp (j ((o^ht— <^vt) >^ t + < ^9 vr)))] 
The local phase difference detector 19 generates a local phase difference 
signal in a phase locked loop circuit (not illustrated) equipped therein. The local 
phase difference signal is expressed as exp (j ( ^ hr^ ^ vb))- 



The first endless phase shifter 20 cancels a phase difference, based on 
the local phase difference signal. As a result, the base band cross polarization 
interference cancel (XPIC) reference signal VrxW is expressed as follows. 

Vfex(t) ^ real [H(t) X GXp G ((<l>HT-ttJR-^Dl— <^D2)>< t-h (^HT- ^HR- 

(^Di— <^D2)))+ aHxV(t) X exp 0 ((<yvT- <Wa-a>pi- tt>D2)x t + vr" <9 h&— ^ di 

- 0 1,2)))] xexp (j(S^-Oy^) 

= real[H(t) x exp Q (((^ht- a>vT) t + „t- ^ vr))) +«H x V(t)] 
If the cross polarization interference canceller 36 ideally operates, 
based on the base band cross polarization interference cancel (XPIC) reference 
signal, the copy signal ^xpici^^ produced by the cross polarization interference 
canceller 36 and a response signal made by the cross polarization interference 
canceller 36 axe expressed as follows, 

VxPic(t) = real [- aVxH(t) x exp (j ({oy^— c£Jvt)x t + (0^^— ^vr)))] 

- aVx a:HxV(t) 

The response signal = — a V 

Comparing the response signal (— aV) in the first embodiment to the 
response signal (— aVxexp (j (^hr~ ^vr))) conventional system, it is 

understood that the local phase difference exp (j ( ^ hr~ ^ vb)) which is included in 
the conventional response signal and has time fluctuation is removed in the 
response signal in the first embodiment. 

Since the cross polarization interference canceller 36 is generally 
designed to include a two-dimensional transversal filter, addition of a phase 
component to the cross polarization interference canceller 36 does not exert a 
harmfiil influence on the cross polarization interference canceller 36. However, 
when a phase component fluctuates with the lapse of time, a tap coefficient of the 
transversal filter has to be adjusted in accordance with the fluctuation of the 
phase component. Since a tap coefficient becomes greater as the cross 
polarization interference increases, the adjustment of a phase would be more 
difficult to accomplish. 
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Consequently, the ability of canceling the cross polarization 
interference was degraded as phase noises increased in the conventional cross 
polarization interference canceller. In contrast, the time fluctuation in a phase 
component is cancelled by the first and second endless phase shifters 20 and 20a 
in the cross polarization interference canceller 36 in accordance with the Bxst 
embodiment. Accordingly, it would be possible to properly determine a time 
constant of the response si^al transmitted from the cross polarization 
interference canceller 36, in accordance with the time fluctuation in the cross 
polarization interference. 

FIG. 6 is a block diagram of the demodulation system in accordance 
with the second embodiment. 

In comparison of the demodulation system in accordance with the 
second embodiment with the demodulation system in accordance with the first 
embodiment, the demodulation system in accordance with the second embodiment 
has the same structiire as the structure of the demodulation system in accordance 
with the first embodiment except that the demodulation system in accordance 
with the second embodiment is designed not to include the common reference 
oscillator 17. 

The first and second endless phase shifters 20 and 20a in the second 
embodiment is required to cover not only phase noises, but also a phase difference 
between the local signals. However, since the first and second local oscillators 16 
and 16a associated with the vertical and horia^ntal polaria^ations transmit the 
local signals independently of each other, it would be possible to simpUfy a 
structure of the first and second local oscillators 16 and 16a. 

By enhancing independency of the vertical and horizontal polarizations, 
one of the polarizations co\ild be readily dealt with. 

The demodulation system in accordance with the second embodiment 
operates in the same way as the demodulation system in accordance with the first 
embodiment. A difference in operation between the first and second 
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embodiments is that the first and second endless phase shifters 20 and 20a follow 
uot only a phas© difTerence, but also a frequency difference. 

While the present invention has been described in connection with 
certain preferred embodiments, it is to be understood that the subject matter 
encompassed by way of the present invention is not to be limited to those specific 
embodiments. On the contrary, it is intended for the subject matter of the 
invention to include all alternatives, modifications and equivalents as can be 
included within the spirit and scope of the following claims. 

The entire disclosure of Japanese Patent Application No. 2000-350876 
filed on November 17, 2000 including specification, claims, drawings and 
summary is incorporated herein by reference in its entirety. 
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